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(54) ELECTRIC POWER STEERING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electric 
power steering device capable of assisting steering force 
without delaying in sudden steering at traveling time and 
restraining vibration of a steering wheel and a beat 
sound of a motor in crawling steering and retentive 
steering at stopping time. 

SOLUTION: While this electric power steering device 
controls the motor by making a feedback process by an 
amplifying means 33 on the basis of a deviation between 
a current command value decided by a current command 
deciding means 23 and a motor current detected by a 
motor current detecting means 26, a feedback response 
characteristic of this amplifying means 33 is changed by 
a weighting map of the amplifying means 33 and a 
multiplier in reponse to a rotating speed of the steering 
wheel by a steering wheel rotating speed operation 
means 32 to thereby assist the steering force without 
delaying in the sudden steering at traveling time to 
restrain the vibration of the steering wheel and the beat 
sound of the motor in the crawling steering and the retentive 




steering at stopping time. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

[Claim(s)] 

[Claim 1] A current command means to be electric-type power steering equipped with 
the motor with which a control force is compensated based on the steering torque 
generated in a steering shaft, and to determine the current command value to said 
motor based on said steering torque, A current detection means to detect the motor 
current which flows on said motor, and the motor control means which carries out 
feedback control of said motor based on the deflection of said current command value 
and said motor current, A rotational-speed detection means to detect the rotational 
speed of said steering wheel, Electric-type power steering characterized by having a 
response characteristic modification means to change the feedback response 
characteristic of said motor control means corresponding to the rotational speed of said 
steering wheel detected with said rotational-speed detection means. 
[Claim 2] Said response characteristic modification means is electric-type power 
steering according to claim 1 characterized by being the weighting operation performed 
to the rotational speed of said steering wheel. 

[Claim 3] It is electric-type power steering according to claim 1 which said motor control 
means is a magnification means, and is characterized by said response characteristic 
modification means being modification of the magnification gain of said magnification 
means made to the rotational speed of said steering wheel. 

[Detailed Description of the Invention] 
[00011 

[Field of the Invention] This invention relates to the electric-type power steering which 

assists the control force by the steering wheel by the motor. 

[0002] 

[Description of the Prior Art] The configuration as shown in drawing 5 was used for 
conventional electric-type power steering. That is, a noise component is removed by the 
filter circuit 20, and the torque signal outputted from the torque sensor which detects 
steering torque is inputted into the assistant torque decision means 22 after a phase is 
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advanced, in order to make responsibility over a torque-sensor output quick with the 
phase compensation means 21 further. After the vehicle speed signal outputted from a 
vehicle speed pulse detection means 27 to detect the vehicle speed, on the other hand is 
carried out in weighting according to the vehicle speed by the vehicle speed weight 
function decision means 28, it is inputted into the assistant torque decision means 22. 
[0003] In order to assist a control force with the assistant torque decision means 22 
based on the vehicle speed signal by which weighting was carried out to the torque 
signal by which phase compensation was carried out, the current value corresponding to 
the torque (henceforth "assistant torque") which a motor is made to generate is 
determined, and it outputs to the current command decision means 23. And with the 
current command decision means 23, the current command value which should be sent 
out to a motor based on this current value is determined. 

[0004] Thus, after the determined current command value is amplified by 
predetermined gain by the magnification means 24, it is changed into the pulse signal 
which has the pulse width corresponding to a current command value by the PWM 
circuit 25, and is outputted to a motor. And the motor current which flowed on this 
motor returns to the adder circuit 29 established in the preceding paragraph of the 
magnification means 24 after being detected by the motor current detection means 26, 
and feedback control of the motor current newly given so that a current command value 
and the detection value of a motor current may be in agreement is carried out. 
[0005] 

[Problem(s) to be Solved by the Invention] Here, as shown in drawing 4 , it has the 
property that the response of the current which flows on a motor as the frequency of a 
current command value will generally become high, if its attention is paid to the 
relation of the current response which flowed on the motor in fact to the motor current 
value outputted, the relation 24, i.e., the magnification means, of frequency-response 
gain of the current loop to a steering rate (frequency), becomes slow. 
[0006] When a steering wheel is turned off rapidly, in order that the response of the 
current which flows on a motor to a current command value may be overdue by this, 
assistance of the control force by the motor gives an operator behind time a feeling of 
steering "the handle became heavy suddenly." Instead of assistance of the control force 
by the motor being attained without being late also for sudden steering, if the speed of 
response of the current which flows on a motor is raised on the other hand (that to 
which the lower right shown in drawing 4 made the ****** part the broken line alpha), 
it appears as a beat sound of vibration of a steering wheel or a motor by the high 
frequency component and noise which are contained in the current of a motor, and 
displeasure is given to an operator etc. That is, "assisting a control force, without being 
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late also for sudden steering" and "controlling the beat sound of vibration of a steering 
wheel or a motor" are demands which have a rebellion relation mutually. 
[0007] While such a demand exists, in conventional electric-type power steering as 
shown in drawing 5 , the current command value determined by the current command 
decision means 23 takes the configuration amplified by "predetermined gain" by the 
magnification means 24. That is, since the magnification gain of the magnification 
means 24 is being fixed, a ****** part is set as the property that the lower right shown 
in drawing 4 was fixed in either of the slash fields. Therefore, the technical trouble that 
it cannot but become the design which thought as important either "the thing assisted 
for a control force, without being late also for sudden steering" which has a rebellion 
relation mutually, and "controlling the beat sound of vibration of a steering wheel or a 
motor" is held. 

[0008] The place where a surrounding noise tends to worry it compared with the time of 
transit especially at the time of a stop, the beat sound of vibration of a steering wheel or 
a motor turns into a jarring noise, and reaches the lug of crews, such as an operator. 
Therefore, "controlling the beat sound of vibration of a steering wheel or a motor" is the 
technical problem which should be solved also in order to provide crew with more 
comfortable space in the car. 

[0009] The place which it is made in order that this invention may solve the technical 
problem mentioned above, and is made into the purpose assists a control force, without 
being behind in sudden steering at the time of transit, and is to offer the electric-type 
power steering which can control the beat sound of vibration of a steering wheel or a 
motor in crawling steering at the time of a stop, or ****. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in the 
electric-type power steering of claim 1 A current command means to be electric-type 
power steering equipped with the motor with which a control force is compensated 
based on the steering torque generated in a steering shaft, and to determine the current 
command value to said motor based on said steering torque, A current detection means 
to detect the motor current which flows on said motor, and the motor control means 
which carries out feedback control of said motor based on the deflection of said current 
command value and said motor current, It makes into a technical feature to have a 
rotational-speed detection means to detect the rotational speed of said steering wheel, 
and a response characteristic modification means to change the feedback response 
characteristic of said motor control means corresponding to the rotational speed of said 
steering wheel detected with said rotational-speed detection means. 
[0011] Moreover, in the electric-type power steering of claim 2, said response 
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characteristic modification means makes it a technical feature to be the weighting 
operation performed to the rotational speed of said steering wheel in claim 1. 
[0012] Furthermore, in the electric-type power steering of claim 3, in claim 1, said motor 
control means is a magnification means, and said response characteristic modification 
means makes it a technical feature to be modification of the magnification gain of said 
magnification means made to the rotational speed of said steering wheel. 
[0013] In invention of claim 1, it has a current command means, a current detection 
means, a motor control means, and a response characteristic modification means. While 
carrying out feedback control of the motor with a motor control means by this based on 
the deflection of the current command value determined with the current command 
means, and the motor current detected with the current detection means, the feedback 
response characteristic of this motor control means is changed by the response 
characteristic modification means corresponding to the rotational speed of a steering 
wheel. That is, the motor with which the control force of a steering wheel is 
compensated is controlled by feedback control which has the feedback response 
characteristic changed corresponding to the rotational speed of a steering wheel based 
on the deflection of a current command value and a motor current. 

[0014] In invention of claim 2, since a response characteristic modification means is a 
weighting operation performed to the rotational speed of a steering wheel, it can change 
a feedback response characteristic into arbitration by setup of the weighting. Compared 
with the case where this changes a feedback response characteristic based on a fixed 
function, modification of a feedback response characteristic can be set up with a high 
degree of freedom. 

[0015] In invention of claim 3, a motor control means is a magnification means, and 
since a response characteristic modification means is modification of the magnification 
gain of a magnification means made to the rotational speed of a steering wheel, it can 
change a feedback response characteristic into arbitration by changing the 
magnification gain of the magnification means as a motor control means. Modification 
of a feedback response characteristic can be set as arbitration by taking up and down of 
the magnification gain, without this changing the general configuration of using a 
magnification means as a motor control means. 
[0016] 

[Embodiment of the Invention] Hereafter, the operation gestalt of the electric-type 
power steering of this invention is explained with reference to drawing. In addition, as 
electric-type power steering of this invention, the electric-type power steering with 
which cars, such as an automobile, were equipped is mentioned as an example, and the 
following operation gestalten explain it. Moreover, about the same configuration as the 
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conventional electric-type power steering shown in drawing 5 , the explanation is 
omitted using the same sign. 

[0017] First, the main electric configurations of electric-type power steering are 
explained based on drawing 1 . the output shaft connected with the input shaft with 
which the torque sensor 11 was connected with the steering steering of a car, and the 
steering gear style — relativity — steering torque is detected from the amounts of torsion, 
such as a torsion bar spring connected pivotable. This detected steering torque is 
inputted into ECU10 with the vehicle speed detected by the speed sensor 12. Moreover, 
the rotational frequency of the motor M which assists a steering steering [ control force ] 
is also detected by the rotational frequency sensor 13, and is inputted into ECU10. 
CPU15 with which ECU10 was equipped determines the current command value which 
should be sent out to the motorised circuit 16 based on the steering torque, the vehicle 
speed, and the motor rotational frequency which are inputted through an interface 14. 
And in the motorised circuit 16, the drive current corresponding to the current 
command value sent out from CPU15 is outputted to Motor M. Thereby, Motor M 
generates the torque for generating the assistant torque for assisting a control force, or 
restoring a steering wheel. 

[0018] Next, the main electric configurations and actuation of this ECU10 and the 
motorised circuit 16 are explained based on drawing 2 . In addition to the configuration 
of conventional electric-type power steering mentioned above, in the electric-type power 
steering concerning this operation gestalt, it has the motor rotational-speed detection 
means 31 and the steering wheel rotational-speed operation means 32. namely, in 
ECU10 and the motorised circuit 16 Mainly A filter circuit 20, the phase compensation 
means 21, the assistant torque decision means 22, the current command decision means 
23, the magnification means 33, the PWM circuit 25, the motor current detection means 
26, the vehicle speed pulse detection means 27, the vehicle speed weight function 
decision means 28, a multiplier 29, the motor rotational-speed detection means 31 And 
it has the steering wheel rotational-speed operation means 32, and the motor 
rotational-speed detection means 31 and the steering wheel rotational-speed operation 
means 32 were newly added, and also the magnification means 33 differs from the thing 
of the former [ contents / of a configuration / the ]. 

[0019] The motor rotational-speed detection means 31 detects the rotational speed of 
the motor M with which a control force is compensated, and the rotational frequency 
sensor 13 mentioned above is equivalent to this. Since the rotational frequency of Motor 
M is in the rotational frequency and proportionality of a steering wheel through the 
reducer which is not illustrated, the rotational frequency of a steering wheel is 
relatively detectable by detecting the rotational frequency of Motor M. Therefore, with 
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the latter steering wheel rotational- speed operation means 32, the rotational speed of a 
steering wheel can be calculated or it can judge whether the steering wheel is moving. 
[0020] The steering wheel rotational-speed operation means 32 has the function to 
change into the rotational speed of a steering wheel the rotational frequency of the 
motor M detected with the motor rotational-speed detection means 31 by predetermined 
rotational-speed data processing. Thereby, the rotational speed of the steering wheel 
changed based on the rotational speed of Motor M is sent out to the magnification 
means 33 of the next step. 

[0021] Drawing 3 (A) So that it may be shown this magnification means 33 
Proportional-plus-integral control which shows the current deflection which consists of 
amplifier 33a, weighting map 33b, and multiplier 33c, and was mainly inputted from 
the multiplier 29 to drawing 3 (B) (it is called "PI control" below.) After amplifying, it 
has multiplication, i.e., the function which carries out weighting and which is outputted 
to the PWM circuit 25, for the value given by multiplier 33c according to weighting map 
33b. 

[0022] Drawing 3 (B) The algorithm by PI control realizes and amplifier 33a plays the 
role which can carry out feedback control of the motor current given to Motor M by 
changing the height of I gain based on the deflection of the current command value and 
the detected motor current inputted from a multiplier 29 so that it may be shown. 
Weighting map 33b is the data constellation which was able to give the value between 
0-1 which become a weight value with the weight function corresponding to the 
rotational speed of the steering wheel from the steering wheel rotational-speed 
operation means 32 mentioned above. For example, although a weight value also 
increases in proportion to the increment in the rotational speed of a steering wheel in 
the predetermined section, it is set up about each of the right end of a steering wheel 
and the left end so that a weight value may become fixed at the outside of this 
predetermined section. That is, when the rotational speed of a steering wheel is below a 
minimum rate of the predetermined section, a weight value is set as 0, and when the 
rotational speed of a steering wheel is more than an upper limit rate of the 
predetermined section, a weight value is set as 1. 

[0023] If the rotational speed of a steering wheel is within the predetermined section, 
while it will also fluctuate a weight value in proportion to the change in the rotational 
speed of a steering wheel by this, when later than the minimum rate concerned, the 
weight value of 0 is given, and when quicker than the upper limit rate concerned, the 
weight value of 1 is given. In addition, since this weighting map 33b is constituted by 
the data constellation which gives the value between 0-1 used as a weight value, it can 
set up modification of a feedback response characteristic under a high degree of freedom 
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by changing that value and array into arbitration compared with the case where a 
feedback response characteristic is changed based on a fixed function. Multiplier 33c 
carries out the multiplication of the weight value (0-1) given to the current command 
value outputted from amplifier 33a by weighting map 33b, and performs weighting 
corresponding to the rotational speed of a steering wheel. 

[0024] Thus, while feedback control of the motor current value given to Motor M by 
constituting the magnification means 33 is carried out based on the deflection of the 
current command value by the current command decision means 23, and the motor 
current detected by the motor current detection means 26, corresponding to the 
rotational speed of a steering wheel, weighting of the response characteristic, i.e., 
feedback response characteristic, of this feedback control is carried out by weighting 
map 33b and multiplier 33c. 

[0025] And as mentioned above, when the rotational speed of a steering wheel is slow, 
the whole magnification means 33 gain is low set up for a small weight value (value 
near 0 or 0) by weighting ******. Thereby, the lower right to the motor current 
command value outputted, the relation 33, i.e., the magnification means, of 
frequency-response gain of the current loop to the steering rate (frequency) shown in 
drawing 4 , which shows the relation of the current response which flowed on Motor M 
in fact in this drawing is set as the property of a continuous line beta in a ****** part. 
On the other hand, when the rotational speed of a steering wheel is quick, the whole 
magnification means 33 gain is set up for a large weight value (value near 1 or 1) by 
weighting ****** more highly than the case where the rotational speed of a steering 
wheel is slow. Thereby, the lower right shown in this drawing is set as the property of a 
broken line alpha in a ****** part. Moreover, when the rotational speed of a steering 
wheel is among these, the whole magnification means 33 gain is set as the value 
according to the change in rotational speed by making the weight value proportional to 
the change in rotational speed into the value between 0-1. A ****** part is set as the 
property of slash within the limits whose lower right shown in this drawing by this is 
between a continuous line beta and a broken line alpha. 

[0026] That is, the feedback response by the whole magnification means 33 gain is slow 
when the rotational speed of a steering wheel is slow, and when rotational speed is 
quick, it changes with steering conditions and it is set up so that it may become quick, 
therefore, a steering wheel is turned off where a car is stopped - setting an end 
condition — a steering wheel — slowly — namely, since the feedback response of the 
magnification means 33 is set up late (weighting 0) when carrying out crawling steering, 
or when maintaining namely, ****(ing) the fixed end angle, as for a ****** part, the 
lower right shown in drawing 4 shifts to a continuous line beta. Since the reaction of 
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feedback control becomes blunt to the high frequency component and noise which are 
contained in the current of a motor the place where a frequency response becomes low 
by change of such a feedback response characteristic, the situation where the beat 
sound of vibration of a steering wheel or a motor occurs can be prevented. 
[0027] On the other hand, since the feedback response of the magnification means 33 is 
set up quickly (weighting 1) when sudden steering of a steering wheel is during transit 
of a car for course modification or risk aversion, as for a ****** part, the lower right 
shown in drawing 4 shifts to a broken line alpha. ** in which the quick assistance 
corresponding to sudden steering of an operator is possible the place where a frequency 
response becomes high by change of such a feedback response characteristic since the 
reaction of feedback control becomes sharp The situation where this gives an operator a 
feeling of steering "the handle became heavy suddenly" can be prevented. In addition, it 
is that a frequency response becomes high by change of such a feedback response 
characteristic, and since the whizzing sound of the perimeter of a car, the engine sound, 
etc. are louder during transit even if the beat sound of vibration of a steering wheel or a 
motor occurs, it is thought that there is very little effect affect an operator and crew. 
[0028] Here, it inputs into the current command decision means 23 which shows the 
rotational speed of a steering wheel in drawing 2 , and the configuration to which a 
current command value is changed by the gain corresponding to the rotational speed of 
a steering wheel is also considered. However, the feedback gain of a magnification 
means itself located in the latter part cannot be changed only with such a configuration. 
Therefore, even if the gravity of the assistance by the motor corresponding to sudden 
steering or crawling steering is controllable, it cannot avoid even effect to the high 
frequency component or noise which are contained in the current of a motor like the 
electric-type power steering concerning this operation gestalt. 

[0029] As explained above, according to the electric-type power steering concerning this 
operation gestalt It is based on the deflection of the current command value determined 
with the current command decision means 23, and the motor current detected with the 
motor current detection means 26. While carrying out feedback control of the motor 
with the magnification means 33, the feedback response characteristic of this 
magnification means 33 Corresponding to the rotational speed of the steering wheel by 
the motor rotational-speed detection means 31 and the steering wheel rotational-speed 
operation means 32, weighting map 33b and multiplier 33c of the magnification means 
33 change. That is, the motor M with which the control force of a steering wheel is 
compensated is controlled by feedback control which has the feedback response 
characteristic changed corresponding to the rotational speed of a steering wheel based 
on the deflection of a current command value and a motor current. Therefore, a control 
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force is assisted without being behind in sudden steering at the time of transit by 
setting up a feedback response late, and setting up a feedback response quickly, when 
rotational speed is quick, when the rotational speed of a steering wheel is slow, and 
there is effectiveness which can control the beat sound of vibration of a steering wheel 
or a motor in crawling steering at the time of a stop or ****. 

[0030] In addition, although the response characteristic modification means was 
constituted from this operation gestalt mentioned above by performing predetermined 
weighting by weighting map 33b and multiplier 33c in the latter part of amplifier 33a 
which constitutes the magnification means 33, the configuration to which the height of 
P gain of amplifier 33a or I gain is changed directly may constitute a response 
characteristic modification means from this invention, without being restricted to this. 
Modification of a feedback response characteristic can be set as arbitration by taking up 
and down of PI gain of the amplifier, without this changing the general configuration of 
using the amplifier by PI control, as a means to control Motor M. Therefore, a control 
force is assisted without being behind in sudden steering at the time of transit under a 
general configuration of starting, and there is effectiveness which can control the beat 
sound of vibration of a steering wheel or a motor in crawling steering at the time of a 
stop or ****. 
[0031] 

[Effect of the Invention] In invention of claim 1, it has a current command means, a 
current detection means, a motor control means, and a response characteristic 
modification means. While carrying out feedback control of the motor with a motor 
control means by this based on the deflection of the current command value determined 
with the current command means, and the motor current detected with the current 
detection means, the feedback response characteristic of this motor control means is 
changed by the response characteristic modification means corresponding to the 
rotational speed of a steering wheel. That is, the motor with which the control force of a 
steering wheel is compensated is controlled by feedback control which has the feedback 
response characteristic changed corresponding to the rotational speed of a steering 
wheel based on the deflection of a current command value and a motor current. 
Therefore, a control force is assisted without being behind in sudden steering at the 
time of transit by setting up a feedback response late, and setting up a feedback 
response quickly, when rotational speed is quick, when the rotational speed of a steering 
wheel is slow, and there is effectiveness which can control the beat sound of vibration of 
a steering wheel or a motor in crawling steering at the time of a stop or ****. 
[0032] In invention of claim 2, since a response characteristic modification means is a 
weighting operation performed to the rotational speed of a steering wheel, it can change 
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a feedback response characteristic into arbitration by setup of the weighting. Compared 
with the case where this changes a feedback response characteristic based on a fixed 
function, modification of a feedback response characteristic can be set up under a high 
degree of freedom. Therefore, a control force is assisted without being behind in sudden 
steering at the time of transit under a setup optimized more, and there is effectiveness 
which can control the beat sound of vibration of a steering wheel or a motor in crawling 
steering at the time of a stop or ****. 

[0033] In invention of claim 3, a motor control means is a magnification means, and 
since a response characteristic modification means is modification of the magnification 
gain of a magnification means made to the rotational speed of a steering wheel, it can 
change a feedback response characteristic into arbitration by changing the 
magnification gain of the magnification means as a motor control means. Modification 
of a feedback response characteristic can be set as arbitration by taking up and down of 
the magnification gain, without this changing the general configuration of using a 
magnification means as a motor control means. Therefore, a control force is assisted 
without being behind in sudden steering at the time of transit under a general 
configuration of starting, and there is effectiveness which can control the beat sound of 
vibration of a steering wheel or a motor in crawling steering at the time of a stop or ****. 

[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the main electric configurations of the 
electric-type power steering concerning 1 operation gestalt of this invention. 
[Drawing 2] It is the block diagram showing the main electric configurations of the ECU 
and the motorised circuit which are shown in drawing 1 . 

[Drawing 3] Drawing 3 (A) It is the block diagram showing the configuration of the 
magnification means shown in drawing 2 , and is drawing 3 (B). It is the block diagram 
showing the concept of an amplifier. 

[Drawing 4] It is the explanatory view showing the relation of the frequency-response 
gain of the current loop to a steering rate (frequency). 

[Drawing 5] It is the block diagram showing the main electric configurations of 
conventional electric-type power steering. 
[Description of Notations] 

10 ECU 

11 Torque Sensor 

12 Speed Sensor 

13 Rotational Frequency Sensor 
15 CPU 
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16 Motorised Circuit 

22 Assistant Torque Decision Means 

23 Current Command Decision Means (Current Command Means) 

25 PWM Circuit (Motor Control Means) 

26 Motor Current Detection Means (Current Detection Means) 
29 Adder Circuit (Motor Control Means) 

31 Motor Rotational-Speed Detection Means (Rotational-Speed Detection Means) 

32 Steering Wheel Rotational-Speed Operation Means (Rotational-Speed Detection 
Means) 

33 Magnification Means (Motor Control Means) 
33a Amplifier (motor control means) 

33b Weighting map (a motor control means, response characteristic modification 
means) 

33c Multiplier (a motor control means, response characteristic modification means) 
M Motor 
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[Drawing 1] 
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[Drawing 5] 
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